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(57) ABSTRACT

A method for plasma treatment etches an Si1C layer with an
increased etching rate and enhanced selectivities of S1C with
respect to S10, and an organic layer. An etching gas 1s
converted mnto plasma to etch Si1C. The etching gas may
include CHF,; CHF, and N,, for example, a mixed gas of
CHF;, N, and Ar; or a material having C, H and F and a

material having N but without any material having O.

13 Claims, 4 Drawing Sheets
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FIG.2
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1
METHOD FOR PLASMA TREATMENT

FIELD OF THE INVENTION

The present invention relates to a method for manufac-
turing a semiconductor; and, more particularly, to a method
for plasma etching treatment in a semiconductor manufac-

turing process.

BACKGROUND OF THE INVENTION

Japanese Patent Laid-Open Publication No. 1982-124438

discloses a mixed gas of CF, and O, used as an etching gas
to etch S1C with a plasma treatment. Japanese Patent Laid-
Open Publication No. 1987-216335 discloses another mixed
gas of CHF, and O, used as etching gas to etch SiC with a
plasma treatment.

However, these etching gases have a lower S1C etching,
rate, a lower etching selectivity of S1C with respect to S10,
(S1C etching rate over S10, etching rate), and a lower
ctching selectivity of S1C with respect to an organic mask
(S1C etching rate over an etching rate of the organic mask).

SUMMARY OF THE INVENTION

It 1s, therefore, an object of the present invention to
provide a method for plasma treatment to etch S1C with an
improved etching rate of S1C, enhanced etching selectivities
of S1C with respect to S10, and an organic material, respec-
tively.

In accordance with the present invention, there 1s pro-
vided a method for plasma treatment, comprising the steps
of:

(a) arranging a substrate mto a chamber, wherein the
substrate includes a SiC layer and a S10, layer; and

(b) infroducing an etching gas into the chamber and
converting the etching gas into plasma to etch the SiC layer
selectively against the S10, layer, wherein the etching gas
includes CHF,.

If the etching gas includes CHEF;, the etching selectivity
of the S1C layer with respect to the S10, layer (an etching
rate of the S1C layer over an etching rate of the S10, layer)
increases. In case of using CHF; as the etching gas, it 1s less
likely to have a so-called etching stop wherein the etching
rate becomes 0 during the etching process, than in the cases
of using CH,F, and CH,F, respectively.

Since the etching selectivity of the S1C layer with respect
to the S10, layer 1s high, the S1C layer 1s etched selectively
against the S10, layer although the Si10, layer on the
substrate 1s exposed to the etching gas. Even 1if the S10,
layer functions as a mask layer of the S1C layer or even if the
S10, layer functions as a base layer of the Si1C layer, the S1C
layer may be etched selectively as described above.

It 1s preferable that the etching gas includes a material
having N, because both the etching rate of the SiC layer and
the etching selectivity of the S1C layer with respect to an
organic layer increase when the etching gas includes the
material having N. The material having N 1s preferably N,
because N, 1s sale and manageable. A ratio of CHF; flow
rate with respect to N, tlow rate (CHF; flow rate over N,
flow rate) 1n the etching gas 1s preferably between about 0.2
and about 0.6 and more preferably between about 0.4 and
about 0.6. In the latter case, the etching selectivity of the S1C
layer with respect to the S10, layer 1s considerably high.

In accordance with the present invention, there 1s pro-
vided another method for plasma treatment, comprising the
steps of:
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2

(a) arranging a substrate in a chamber, wherein the
substrate includes an S1C layer; and

(b) mntroducing an etching gas having CHF,; and N, 1n the
chamber and converting the etching gas into plasma to etch
the S1C layer.

If the etching gas includes CHF; and N, the etching rate
of the S1C layer increases. The ratio of CHF, tlow rate with,
respect to N, flow rate in the etching gas i1s preferably
between about 0.2 and about 0.8, more preferably between
about 0.4 and about 0.8 and still more preferably between
about 0.4 and about 0.6. In the latter case, the etching rate
of the S1C layer 1s considerably high.

If the etching gas includes CHF; and N,, the etching
selectivity of the S1C layer with respect to an organic layer
increases so that the SiC layer 1s etched selectively against
the organic layer. Specifically, in such cases where the
organic layer 1s exposed in the substrate, or where the
organic layer 1s a mask layer of the S1C layer, or where the
organic layer 1s a base layer of the SiC layer, the SiC layer
may be etched selectively. The ratio of CHF, flow rate with
respect to N, flow rate in the etching gas 1s preferably
between about 0.2 and about 0.8 and more preferably
between about 0.4 and about 0.6. In the latter case, the
cetching selectivity of the SiC layer with respect to the
organic layer 1s considerably high. A dielectric layer with a
lower dielectric constant may be preferably used as the
organic layer for the manufacture of high performance
devices.

If the etching gas includes CHF; and N,, the etching
selectivity of the S1C layer with respect to the S10, layer
may 1ncrease so that the S1C layer 1s etched selectively
against the S10, layer. Specifically, 1n such cases where the
S10, layer 1s exposed 1n the substrate, or where the S10,
layer 1s a mask layer of the S1C layer, or where the S10, layer
1s a base layer of the S1C layer, the S1C layer may be etched
selectively. The ratio of CHF, flow rate with respect to N,
flow rate 1n the etching gas 1s preferably between about 0.2
and about 0.6 and more preferably between about 0.4 and
about 0.6. In the latter case, the etching selectivity of the S1C
layer with respect to the S10, layer 1s considerably high.

In accordance with the present invention, there 1s pro-
vided another method for plasma treatment, comprising the
steps of:

(a) arranging a substrate in a chamber, wherein the
substrate includes an S1C layer; and

(b) mtroducing an etching gas in the chamber and con-
verting the etching gas 1nto plasma to etch the Si1C layer,
wherein the etching gas includes a maternial having C, H and
F and a material having N, the etching gas being essentially
free from any material having O.

If the etching gas includes a matenial having C, H and F
and a material having N but without any material having O,
the etching rate of the S1C layer may increase. The material
having C, H and F 1s preferably CHF; and the material
having N 1s preferably N,. The ratio of CHF; flow rate with
respect to N, tlow rate in the etching gas 1s preferably
between about 0.2 and about 0.8, more preferably between
about 0.4 and about 0.8 and still more preferably between
about 0.4 and about 0.6. In the latter case, the etching rate
of the Si1C layer 1s considerably high.

If the etching gas includes a matenial having C, H and F
and a material having N but the etching gas 1s completely or
essentially free from any material having O, the S1C layer
may be etched selectively against an organic layer. Specifi-
cally, 1n such cases where the organic layer 1s exposed 1n the
substrate, or where the organic layer 1s a mask layer of the
S1C layer, or where the organic layer 1s a base layer of the
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S1C layer, the S1C layer may be etched selectively. The
material having C, H and F 1s preferably CHF; and the
material having N 1s preferably N,. The ratio of CHF; flow
rate to N, flow rate 1n the etching gas 1s preferably between
about 0.2 and about 0.8 and more preferably between about
0.4 and about 0.6. In case of the latter range, the etching
selectivity of the S1C layer with respect to the organic layer
1s considerably high. A dielectric layer with a lower dielec-
tric constant may be preferably used as the organic layer for
the manufacture of high performance devices.

If the etching gas includes a material having C, H and F
and a material having N while the etching gas 1s completely
or essentially free from any material having O, the Si1C layer
1s etched selectively against the S10, layer. Specifically, in
cases where the S10, layer 1s exposed in the substrate, or
where the S10, layer 1s a mask layer of the Si1C layer, or
where the S10, layer 1s a base layer of the S1C layer, the SiC
layer may be etched selectively. The matenial having C, H
and F 1s preferably CHF, and the material having N 1s
preferably N,. The ratio of CHF, tlow rate with respect to N,
flow rate in the etching gas 1s preferably between about 0.2
and about 0.6 and more preferably between about 0.4 and
about 0.6. In the latter case, the etching selectivity of the S1C
layer with respect to the S10, layer i1s considerably high.

As described above, since the etching gas 1s completely or
essentially free from any material having O, e.g., O, or CO,
Cu may be prevented from being oxidized during the etching
process although a Cu layer may be used as a base layer of
the S1C layer.

-

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects and features of the present
invention will become apparent from the following descrip-
tion of preferred embodiments given in conjunction with the
accompanying drawings, in which:

FIG. 1 shows a schematic cross-sectional view of a
plasma etching apparatus for processing a plasma treatment
method 1n accordance with the present invention;

FIG. 2 illustrates a schematic cross-sectional view of a
substrate to be etched;

FIG. 3 describes a graphic illustration explaining a rela-
tionship between an etching rate of S1C and a ratio of CHF,
flow rate with respect to N, tlow rate;

FIG. 4 1s a graphic illustration showing a relationship
between an etching selectivity of the S1C layer with respect
to the S10, layer and a ratio of CHF, flow rate with respect
to N, flow rate; and

FIG. 5 depicts a graphic illustration showing a relation-
ship between an etching selectivity of the SiC layer with
respect to the photoresist (PR) layer and a ratio of CHF; flow
rate with respect to N,flow rate.

DETAILED DESCRIPTION OF PR
EMBODIMENTS

L1
M

ERRED

FIG. 1 illustrates a cross-sectional view for a plasma
etching apparatus 1 for processing a plasma treatment 1n
accordance with an embodiment of the present invention. A
processing chamber 2 1s composed of metal, e.g., surface
oxidized aluminum and i1s grounded. An elevator 6, a
conductor 11, an insulator 9 and a susceptor 8 are formed
sequentially and vertically on a bottom portion of the
processing chamber 2. A conducting bellows surrounds the
clevator 6. The susceptor 8 functions as a bottom electrode
of parallel plate electrodes. The conductor 11 1s grounded
through the bellows 4, while the susceptor 8 and the con-

10

15

20

25

30

35

40

45

50

55

60

65

4

ductor 11 are electrically insulated by the insulator 9 inserted
between the susceptor 8 and the conductor 11. The susceptor
8, which functions as the bottom electrode, 1s coupled
through a matching circuit 50 with a high frequency power
source 32.

An electrostatic chuck 10 1s installed on the susceptor 8.
A substrate W such as a semiconductor wafer 1s loaded on
the electrostatic chuck 10. The electrostatic chuck 10 1s an
insulator with an electrode 12 inserted therein. If a DC
voltage output from a DC power source 14 1s applied to the
clectrode 12, Coulomb’s electrostatic force formed by the
DC voltage attracts the substrate W. The substrate W 1s
surrounded by a focus ring 16. The focus ring 16 1s formed
of, e.g., S1 and S10, and serves to improve the etching
uniformity.

A top electrode 18 1s located on an opposite side of the
susceptor 8. The top electrode 18 1s secured onto an upper
part 2a of the processing chamber 2. That 1s, the upper part
2a of the processing chamber 2 functions as the top electrode
of the parallel plate electrodes.

A gas 1nlet 20 1s formed on, the upper part 2a of the
processing chamber 2. The gas inlet 20 1s coupled with a gas
line 22. The gas line 22 1s coupled with a valve 24, a mass
flow controller (MFC) 28 and an etching gas source 30. The
etching gas source 30 may provide the processing chamber
2 with an etching gas such as CHF;, N, or Ar. The etching
gas may be ejected uniformly through a hole of the top
clectrode 18 over the substrate W.

Meanwhile, a bottom portion of the processing chamber
2 1s coupled with an exhaust line 40. The exhaust line 40 1s
coupled with an exhaust apparatus 42. A gate valve 46 1s
installed on a sidewall of the processing chamber 2. When
the gate valve 46 1s open, the substrate W may be carried mnto
a loadlock chamber (not shown).

A dipole ring magnet 60 1s arranged to surround a
plasma-processing region outside the processing chamber 2.
The dipole ring magnet 60 includes a plurality of anisotropic
segment cylindrical magnets which are disposed in a ring-
shaped manner. The anisotropic segment cylindrical mag-
nets are arranged 1n such a manner that their magnetization
directions are slightly different from one another, so as to
form a horizontal magnetic field totally in one direction. The
dipole ring magnet 60 causes an orthogonal electromagnetic
field to be formed 1n the plasma-processing region and,
therefore, the orthogonal electromagnetic field causes drit
movements of electrons so that high-energy magnetron
discharge results in to form high-density plasma. If the
dipole ring magnet 60 rotates, a uniform magnetic field 1s
formed.

FIG. 2 shows the substrate W having a S10 layer 61, a S1C
layer coating the S10 layer 61 and a PR layer 65 coating the
S1C layer 63. A process for etching the SiC layer 63 through
an opening pattern of a photoresist layer 65 by using the
plasma etching apparatus 1 will be described.

After the elevator 6 moves the susceptor 8 in a downward
direction, the gate valve 46 1s opened and the substrate W 1s
carried 1nto the processing chamber 2 so that the substrate W
may be mounted on the electrostatic chuck 10. The gate
valve 46 1s closed and the elevator 6 moves the susceptor 8
in an upward direction to a processing position. After the
exhaust apparatus 42 depressurizes the processing chamber
2, the valve 24 1s opened so that the process chamber 2 1s
provided with the etching gas including CHF, from the
ctching gas source 30. It 1s preferable that the etching gas
includes a material N as well as CHF ;. For example, a mixed
gas of CHF;, N, and Ar may be used as the etching gas. The
pressure 1n the processing chamber 2 1s maintained at a
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predetermined value, e.g., 6.66 Pa (50 mTorr). In order to
obtain a higher etching rate, a ratio ot CHF, flow rate with
respect to N, tlow rate 1n the etching gas 1s preferably 1n the
range between about 0.2 and about 0.8, more preferably 1n
the range between about 0.4 and about 0.8 and still more
preferably 1n the range between about 0.4 and about 0.6.

When the dipole ring magnet 60 rotates and a voltage of
high frequency power 1s applied to-the bottom electrode,
1.€., the susceptor 8, the etching gas 1s converted 1nto plasma
to etch the S1C layer 63 on the substrate W. Belore or after
the voltage of high frequency power 1s applied, a DC voltage
from the DC power source 14 1s applied to the electrode 12
in the electrostatic chuck 10 so that the electrostatic force
attracts the substrate W onto the electrostatic chuck 10. An
end point detector (not shown) detects luminescence inten-
sity during the etching process. Based on the result of the
detection, the etching process may be terminated.

In case of using the etching gas including CHF; to etch the
S1C layer 63 as described above, the etching selectivity of
the S1C layer with respect to the S10, layer can be increased
and the etching stop 1s less likely to occur. If CHF; and a
material having N, e.g., a gas having N,, are used as the
ctching gas, the etching rate of the S1C layer 63 increases. In
this case, the etching gas of the present invention 1s not
limited to gases having CHF; and N,. That 1s, when the
ctching gas includes a material having C, H and F and a
material having N but the etching gas i1s completely or

essentially free from any material having O, the etching rate
of the S1C layer 63 1s considerably high.

The substrate 1s not limited to the structure shown in FIG.
2. That 1s, the present invention may be applied to the
tollowing cases: the S10, layer 1s the mask layer of the Si1C,
both an organic layer and a Cu layer are the base layer of the
S1C layer, both the S1C layer and the organic layer standing
a distance apart from each other are exposed, or both the S1C
layer and the S10,, layer standing a distance apart from each
other are exposed. In order to etch the S1C layer selectively
against the organic layer, the ratio of CHF; flow rate with

respect to N, tlow rate 1n the etching gas 1s preferably 1n the
range between about 0.2 and about 0.8 and more preferably
in the range between about 0.4 and about 0.6.

Experiment

The substrate shown 1 FIG. 2 was etched under the
tollowing conditions: the pressure 1n the processing chamber
was maintained at 6.66 Pa (50 mTorr); a mixed gas of CHF,;,
N, and Ar was supplied as the etching gas into the process-
ing chamber; and a high frequency power of 500 W from the
high frequency power supply with a frequency of 13.56
MHz was applied to the bottom electrode.

The ratios of CHF; flow rate with respect to N, tlow rate
in the etching gas were 0.2, 0.4, 0.6, 0.8 and 2.0, respec-
tively. The Ar flow rate was maintamned at 100 ml/min
(sccm).

FIG. 3 shows the etching rate of S1C layer as a function
of the ratio. FIG. 4 shows the etching selectivity of the Si1C
layer with respect to the S10, layer as a function of the ratio.
FIG. 5 shows the etching selectivity of the S1C layer with
respect to the photoresist layer as a function of the ratio.

As shown 1n FIG. 3, the etching rate 1s high when the ratio
1s 1n the range between about 0.2 and about 0.8. The etching
rate 1s higher when the ratio i1s 1n the range between about
0.4 and about 0.8. The etchung rate 1s still higher when the
ratio 1s 1n the range between about 0.4 and about 0.6.
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6

As shown 1 FIG. 4, the etching selectivity of S1C with
respect to S10, 1s high when the flow rate 1s between about
0.2 and about 0.6, and the etching selectivity 1s higher when
the flow rate 1s between about 0.4 and about 0.6.

As shown 1n FIG. 5, the etching selectivity of SiC with
respect to the photoresist 1s high when the flow rate 1s
between about 0.2 and about 0.8. The etching selectivity 1s
higher when the flow rate 1s between about 0.4 and about
0.6.

In another experiment, the substrate was etched under the
tollowing conditions: the pressure 1n the processing chamber
was maintained at 6.66 Pa (50 mTorr); a mixed gas of CF,
(with a flow rate of 5 ml/min(sccm)), CH,F, (with a flow
rate of 20 ml/min(sccm)), O, (with a flow rate of 15
ml/min{sccm)) and Ar (with a flow rate of 100 ml/min
(sccm)) was used as the etching gas; and the high frequency
power of 300 W was applied to the substrate. According to
the results of the experiment, the etching rate of the SiC
layer was 35 nm/min and the etching selectively of the Si1C
layer with respect to the S10, layer was 1.0 while the etching
selectivity of the S1C layer with respect to the photoresist
layer was 0.4.

As described above, the present invention uses the etching
gas having CHF, to perform a plasma etching on S1C, so that
S1C may be etched selectively against S10,. When the
etching gas includes CHF; and N,, or when the etching gas
includes a material having C, H and F and a material having
N but the etching gas 1s completely or essentially free from
any material having O, the S1C may be etched with a plasma
treatment with a higher etching rate.

While the invention has been shown and described with
respect to the preferred embodiments, 1t will be understood
by those skilled in the art that various changes and modifi-
cations may be made without departing from the spirit and
scope of the invention as defined 1n the following claims.

What 1s claimed 1s:

1. A method for plasma treatment, comprising the steps
of:

(a) arranging a substrate in a chamber, wheremn the

substrate includes an S1C layer and an S10, layer; and

(b) introducing an etching gas into the chamber and

converting the etching gas into plasma to etch selec-
tively the S1C layer against the S10, layer, wherein the
etching gas includes CHF;, as a main fluorocarbon
component thereof, and N,

wherein a ratio of CHF, flow rate to N, flow rate 1n the

ctching gas 1s between about 0.4 and about 0.6, and

wherein the S1C layer 1s etched at a rate of from 150

nm/mm or greater.

2. The method of claim 1, wherein the S10, layer 1s a
mask layer on the Si1C layer, and wherein the mask layer has
an opening pattern.

3. The method of claim 1, wherein the S10, layer 1s a base
layer of the S1C layer.

4. The method of claim 1, wherein the etching gas consists
of CHF,, N, and an 1nert gas.

5. The method of claim 1, wherein the S1C layer 1s etched
at a rate of from 150 to 200 nm/muin.

6. A method for plasma treatment, comprising the steps
of:

(a) arranging a substrate in a chamber, wheremn the

substrate includes an Si1C layer; and

(b) introducing an etching gas into the chamber and

converting the etching gas into plasma to etch the Si1C
layer, wherein the etching gas includes CHF 5, as a main
fluorocarbon component thereof, and N,, the etching
gas being essentially free from any material having O,
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wherein a ratio of CHF; flow rate to N, tlow rate in the
etching gas 1s between about 0.4 and about 0.6, and

wherein the Si1C layer 1s etched at a rate of from 130

nm/min or greater.

7. The method of claim 6, wherein the substrate includes
an organic layer and the S1C layer 1s etched selectively
against the organic layer.

8. The method of claim 7, wherein the organic layer 1s a
mask layer of the SiC layer and the mask layer has an
opening pattern.

9. The method of claim 7, wherein the organic layer 1s a
base layer of the S1C layer.

5

8

10. The method of claim 7, wherein the organic layer 1s
a dielectric layer with a lower dielectric constant.

11. The method of claim 6, wherein the substrate includes
a 510, layer and the Si1C layer 1s etched selectively against
the S10, layer.

12. The method of claim 6, wherein a base layer of the SiC
layer 1s a Cu layer.

13. The method of claim 6, wherein the S1C layer 1s

1o etched at a rate of from 150 to 200 nm/mm.
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